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The aerodynamic charac te r i s t ics  of two variable-sweep airplane 
configurations capable of low-level supersonic a t tack  have been invest i -  
gated. The wind-tunnel results have indicated that the configurations 
with maximum wing sweep had high Mach nunbers f o r  the  drag rise and low 
values of the ze ro - l i f t  drag-rise character is t ics .  For the configura- 
t i o n  w i t h  25' wing sweep, high values of maximum l i f t -drag  r a t i o  w e r e  
indicated. 
INTRODUCTION 
The National Aeronautics and Space Administration has been engaged 
i n  wind-tunnel research directed toward the  development of a multimission 
m i l i t a r y  airplane which migh t  combine long subsonfc range f o r  f e r r y  and 
l o i t e r  purposes, e f f i c i e n t  supersonic performance f o r  high-alt i tude 
a t t ack  missions, and good landing and take-off charac te r i s t ics  f o r  
c a r r i e r  and short-f ie ld  operation. 
that a fixed-wing aircraft could accomplish all of these missions sat- 
i s f a c t o r i l y ,  the  research w a s  directed towards variable-sweep configura- 
t ions .  Inasmuch as the  f e a s i b i l i t y  of in - f l igh t  sweep var ia t ions had 
been s a t i s f a c t o r i l y  demonstrated i n  the pas t  with the  X-5 and XFlOF air- 
planes, research w a s  directed towards an aerodynamic solution t o  the  
problem of reducing s t a b i l i t y  variations and thereby eliminating the  
fore-and-aft wing t rans la t ion  occurring i n  the  previous a i r c r a f t  and t o  
the  use of the  higher sweeps d i c t a t edby  the supersonic a t tack require- 
ment. The r&ults of t h i s  study are presented i n  references 1 t o  6 and 
Since it appeared highly improbable 
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indicite that by careful planform and pivot-point selection, a configura- 
tion having essentially the same longitudinal stability at 25' and 75' 
sweep and providing large changes in aspect ratio could be developed. 
* r  
b 
Recently, the possibility of adding another mission - one requiring 
a rather long range of low-level supersonic flight - has been studied. 
During this study, in which some ten configurations were considered, the 
desirability of extending the sweep range so that a large portion of the 
wing could be confined within or on top of the fuselage became evident. 
This arrangement would allow considerable reduction in wave drag, fric- 
tion drag, and gust accelerations and, because of the high dynamic pres- L 
sures encountered (resulting in low angles of attack) , would incur only 
minor penalties in drag due to lift. The purpose of this paper 
present the results of transonic wind-tunnel studies of two of these 5 
configurations having variable-sweep wings capable of being rotated to 0 
1 
1 is to 
sweep angles sufficiently high to enable a large portion of the wing to 
be on top of the fuselage. In order to assure low values of wave d r a g ,  
the transonic area-rule concept of reference 7 was used in determining 
the fuselage contours. 
The first configuration (referred to herein as configuration VII) 
has the wing pivot located within the fuselage and thereby allows an 
extremely large portion of the wing friction drag to be eliminated by 
sweeping. The second configuration (referred to herein as configura- 
tion VIII) had the pivot located at approximately the 25-percent-span 
position (of the unswept condition) in an attempt to reduce the large 
stability changes anticipated with the inboard pivot of configuration VII. 
(See refs. 1 and 8.) 
sonic pressure tunnel at Mach numbers ranging from 0.60 to 1.20 with the 
wings in the fully sweptback condition. The only other wing-sweep posi- 
tion tested was the 25' position for configuration VI11 at Mach numbers 
from 0.60 to 0.96. 
Results were obtained in the Langley 8-foot tran- 
The data are referred to the wind axes and are based on an area 
of 1 square foot and a reference chord of 1 foot. The pitching moments 
have been referred to an axis which is located at the wing-pivot axis. 
The coefficients and symbols used herein are defined as follows: 
A 
C 
cross-sectional area, sq ft 
reference chord, 1.00 ft 
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drag coefficient, - Drag 
qs 
drag coefficient at zero lift 
in$emeAtd drag rise at zero lift, 
Internal drag internal-drag coefficient of ducts, 
qs 
(Base pressure)% 
base-drag coefficient, 
qs 
Lift lift coefficient, -
lift coefficient for ( L/D), 
ss 
dCL lift-curve slope, - 
da 
3 
Pitching moment pitching-moment coefficient, 
qs c 
dCm pitching-moment-curve slope, -
dcL 
lift-drag ratio 
free-stream Mach rider 
1 2  free-stream dynamic pressure, 2 V  , lb/sq ft 
Reynolds number based on c = 1.00 ft 
reference area, 1.00 sq ft 
velocity, ft/sec 
4 
U 
it 
P 
W 
Subscripts : 
b 
t 
W 
m a x  
angle of a t tack referred t o  fuselage reference l i ne ,  deg 
s t ab i l i ze r  incidence referred t o  fuselage reference 
l i ne ,  posi t ive when t r a i l i n g  edge i s  down, deg 
a i r  density, slugs/cu f t  
mass-flow ra t e ,  pAV, lb-sec/ft  . 
base 
throat  
f r ee  stream 
maximum 
DESCRIPTION OF THE CONFIGURATIONS 
General-arrangement drawings of the  configurations a re  presented 
i n  figures 1, 2, and 3 .  Basic differences i n  the  configurations a r e  
the maximum cross-sectional f ron ta l  areas  and the location of the  wing- 
pivot axes. Configuration VII has a maximum f ron ta l  area of 44.3 square 
f e e t ,  a wetted area of 2,777 square f ee t ,  and has an inboard wing-pivot 
location; whereas, configuration V I 1 1  has a reduced maximum f r o n t a l  a rea  
of 40 square f e e t  made possible by the  outboard wing-pivot locat ion and 
a wetted area of 2,990 square f e e t .  
wing-pivot location i s  t o  reduce the s t a b i l i t y  var ia t ions during wing 
rotation. Configuration VIU ( f i g .  2) consis ts  e s sen t i a l ly  of a com- 
bination of configuration V I 1  from the  nose t o  fuselage s t a t i o n  56 f e e t  
( fu l l - sca le )  and of configuration V I 1 1  from fuselage s t a t i o n  56 f e e t  
t o  fuselage s t a t ion  81.5 f ee t  ( f u l l - s c a l e ) .  
planform, and wing-pivot location are the  same as those f o r  configura- 
t i on  V I 1  and the empennage i s  the  same as that f o r  configuration V I I I ;  
however, the hor izonta l - ta i l  locat ion fo r  configuration V I I A  i s  f a r the r  
forward i n  comparison w i t h  that f o r  configuration V I I .  
Another fea ture  of the outboard 
The f ron ta l  area,  wing 
Area Curves 
Total-cross-sectional-area curves f o r  t he  various configurations 
a re  shown i n  f igures  4, 5 ,  and 6. 
of  8.34 square f ee t ,  f i l l - s c a l e ,  (62 percent of maximum i n l e t  capture 
area)  was subtracted t o  account f o r  t h e  mass flow through the  ducts. 
An equivalent free-stream tube area 
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These area curves, which were developed f o r  a Mach n-er of 1, are 
compared with those f o r  a Sears-Haack body of revolution with the  maximum 
area at the  midlength. The equivalent-body fineness r a t i o  f o r  configura- 
t i ons  V I 1  and V I I A  w a s  10.84, as compared w i t h  the value of 11.43 f o r  
configuration V I I I .  
Wind-Tunnel Models 
The models of the  present investigation were  1/24 scale.  Photo- 
graphs of configurations VII, V I I A ,  and V I L A  with reconnaissance pod are 
shown i n  figures 7, 8, and 9, respectively. Configuration V I 1 1  with the  
leading edge of the outer wing panel swept back 2'j0 is shown i n  figure 10. 
The models w e r e  constructed primasily of plastic-fmpregnated f i b e r  glass, 
steel, and aluminum alloy. N o  provisions were made t o  sbulate  t h e  inner 
and outer wing-panel junctures on the models. It w a s  necessary t o  modify 
the  models at  the a f t  end of the  fuselages f o r  the s t ing  supports. 
For tests with the wing  extended on configuration V I I I ,  the  outer 
wing panel had a leading-edge sweepback angle of eo. 
a i r f o i l  section of the  outer wing panel consisted of the  upper half of 
an NACA 6 h ~ 0 1 2  section with a leading-edge radlus of approximately 
0.26 percent of t he  chord. 
The streamwise 
The jet-engine inlets simulated on each model configuration w e r e  
designed and constructed so  as t o  provide the proper mass flow f o r  a 
Mach number of 1.20. The var ia t ion of mass-flow r a t i o  w i t h  angle of 
a t tack  f o r  the Mach number range of 0.60 t o  1.20 is given i n  figure 11 
f o r  model configurations V I 1  and? VIII. 
on t h e  minimum i n l e t  throat  area ( A t  = 0.00742 square foot  per  duct 
as measured on models) and it w i l l  be noted that the  experimentally 
measured values at a Mach nuniber of 1.20 correspond very closely t o  the  
design value of 0.97. 
The mass-flow r a t i o  was  based 
Tunnel 
The investigation w a s  made i n  t h e  Langley 8-foot transonic pressure 
tunnel.  This f a c i l i t y  is  rectangular i n  cross section with the  upper 
and lower w a l l s  s l o t t ed  longitudinally t o  allow continuous operation 
through the  transonic speed region with negligible e f f ec t s  of choking 
and blockage. 
t i o n  pressure of one atmosphere; however, f o r  configuration V I 1 1  with 
For the most par t ,  the tunnel w a s  operated at  a stagns- 
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the 25' sweptback wing, the stagnation pressure was lowered to approxi- 
mately one-quarter atmosphere. The stagnation temperature and dew-point 
were maintained at a level to preclude shock condensation effects. 
Reynolds Number 
The Reynolds number based on a characteristic length of 1 foot is 
shown in figure 12 as a function of test Mach number. 
number varied from 3.14 X 106 to 4.18 X 106 for configurations VII, VIIA, 
and VI11 with wings swept back onto the fuselage. 
varied from 0.86 X 10 6 to 1.09 X 10 6 for configuration VI11 with the 
wing swept back 25'. 
The Reynolds 
The Reynolds number 
4 .  
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Measurements 
Lift, drag, and pitching moment were determined by means of an 
electrical strain-gage balance located inside the fuselage. 
urements were taken over a small angle-of-attack range to define the 
zero-lift drag  characteristics for the configurations with the wings 
swept back onto the fuselage and over an angle-of-attack range which 
would be sufficient to define the (L/D)mm characteristics for con- 
figuration VI11 with the wing swept back 25'. The Mach number range 
varied from 0.60 to 1.20. 
were taken at the duct exits to determine the mass-flow and internal-drag 
coefficient. 
balance chamber pressure were also determined. 
The meas- 
Total-pressure and static-pressure measurements 
The base pressure at the aft end of the fuselage and the 
All tests were conducted with fixed transition on the models 
according to the methods described in reference 9. 
fixed by applying 0.10-inch-wide strips of No. 80 carborundum grains 
around the fuselage 2 inches back from the nose, at the leading edge of 
the inlets, 0.25 inch rearward perpendicular to the leading edge of both 
surfaces of the wing, and at the 10-percent-chord location on all sur- 
faces of the horizontal and vertical tails. 
The transition was 
Corrections and Accuracy 
No corrections to the free-stream Mach number and dynamic pressure 
for the effects of model and wake blockage are necessary for tests in 
the slotted test section of the Langley &foot transonic pressure tunnel 
(ref. 10). There is a range of Mach numbers above a Mach rimer of 1.00 
where the data are affected by reflected compressions and expansions 
from the test-section boundary. 
reference 11, it is believed that for Mach numbers up to approximately 1.03 
From considerations of the results of 
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the  e f f ec t s  of these disturbances on the measurements made i n  the pres- 
ent investigation would be negligible. No tes t  data, however, are pre- 
sented i n  the range ( M  > 1.03 
ary disturbances impinged upon the nodels. 
and M < 1.15) where the ref lected bound- 
The drag data  have been corrected f o r  base pressure so  t h a t  t he  
drag corresponds t o  conditions where the base pressure i s  equal t o  the  
free-stream s t a t i c  pressure. The drag data  ha%-e also been corrected 
f o r  a buoyant force on the balance; t h i s  correction w a s  obtained from 
measurements of the  s t a t i c  pressure i n  the  balance chamber. Typical 
plots of the  t o t a l  base-drag coefficient against angle of a t tack a re  
given i n  f igure 13. The infernal  drag has been a l s o  subtracted from 
the b a g  data  t o  give a g e t  external drag. 
internal-drag coeff ic ient  with angle of a t tack  i s  shown i n  f igure 14.  
This drag coeffi%&t i s  the  total. value f o r  both nacelles.  
The var ia t ion of the 
No corrections f o r  t he  forces and moments produced by the  s t ing-  
support interference have been applied t o  the  data.  It i s  believed t h a t  
the s ign i f icant  corrections would be l imited t o  small increments i n  
pitching moment and drag. 
The angle of a t tack  has been corrected f o r  flow angularity and f o r  
the def lect ion of the  sting-support system under load. The angle of 
a t tack is  estimated t o  be accurate t o  within +.0.lo. 
The estimated consistency of the da ta  a t  a Mach number of 0.90, 
based on the s t a t i c  cal ibrat ions and the  repea tab i l i ty  of the data, is  
as follows: 
C L . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.002 
C D . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.0004 
Cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.004 
These e r ro r s  would be inversely proportional t o  the  dynamic pressure 
and, therefore,  would be lower at  t h e  higher Mach numbers. 
RESULTS AND DISCUSSION 
The results of t h i s  investigation are presented i n  the following 
f igures  : 
Aerodynamic charac te r i s t ics  
(it = 00) . . . . . . . .  
Figure 
of Configuration V I 1  . . . . . . . . . . . . . . . . . .  15 
8 
- I  . . . . .  . *  , . .  . 
Aerodynamic characteristics of configuration VIIA 
Aerodynamic characteristics of configuration VIIA with 
Aerodynamic characteristics of configuration VI11 . . . . . . .  
Comparisons of drag rise for configurations with maximum wing 
sweep...... . . . . . . . . . . . . . . . . . . . . . .  
A comparison of lift-curve slopes for configurations with 
A comparison of pitching-moment-curve slopes for configurations . . . . . . . . . . . . . .  
Aerodynamic characteristics of configuration VI11 with wing . . . . . . . . . . . . . . . . .  
Variation of lift-drag ratio with lift coefficient at various 
(it = 0') . . . . . . . . . . . . . . . . . . . . . . . . . .  
reconnaissance pod (it = Oo) . . . . . . . . . . . . . . . .  
maximum wing sweep (CL = 0 )  . . . . . . . . . . . . . . . . .  
with maximum wing sweep (CL = 0) 
swept back 25O (it = 1.50) 
Mach numbers for configuration VI11 with wing swept 
Variation with Mach number of maximum lift-drag ratio and lift 
back 2 5 O  . . . . . . . . . . . . . . . . . . . . . . . . . .  
swept back 25O . . . . . . . . . . . . . . . . . . . . . . .  coefficient for (L/D), for configuration VI11 with wing 
Variation of lift-curve slope with Mach number for configura- 
Variation of pitching-moment-curve slope with Mach nuher for 
tion VI11 with wing swept back 25' (CL = 0.3) . . . . . . . .  
configuration VI11 with wing swept back 2 5 O  (CL = 0.3) . . .  
* *  
Figure * 
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26 
a 
I 
I 
Aerodynamic Characteristics of Configurations 
With Maximum Wing Sweep 
Drag characteristics.- A comparison of the drag characteristics at 
zero lift for configurations VII, VIIA, and VI11 is presented in fig- 
ure 19. 
and the incremental drag rise at zero lift at a Mach number of 1.20 
decreased approximately 27 percent for configuration VI11 when compared 
with configuration VII. 
distribution at the aft end compared with configuration VI1 (figs. 4 
and 5 )  and, as a consequence, the drag characteristics for this configura- 
tion were lntermediate between those of configurations VI1 and VIII. 
should be noted that the zero-lift drag-rise characteristics of the three 
configurations were low and compare favorably with other configurations 
designed according to the area-rule principles of reference 7 .  
The drag-ryse Mach number increased from about 0.93 to 0.99 
Configuration VILA had a more favorable area 
It 
. 
Longitudinal stability chmacteristics.- The lift-curve slopes 
measured near zero-lift coefficient for configurations VII, VIIA, and VI11 
are compared in figure 20. The values of C b  were small and showed only 
2P 
9 
b 
\. 
a slight variation throughout the Mach number range. The lift-curve 
slope for configuration VI11 was somewhat higher than the values for 
configurations VI1 and VIIA as a result of the greater exposed wing 
area of configuration VI11 caused by the outboard wing-pivot location. 
The pitching-moment-curve slopes CqL, measured near zero-lift 
coefficient, are given in figure 21 f o r  the three configurations. 
general, these data indicate that the values of 
positive (which represents a forward movement of the aerodynamic-center 
location) as the Mach number was increased to 1.20. 
stability of these configurations near a Mach number of 1.20 w i l l  be 
required in order to make safe operation at low levels. The configura- 
tions also indicated a positive shift of the pitching-moment coefficient 
at zero lift as the Mach number was increased to 1.20; this shift would 
relieve the trimming requirements. 
configuration VI1 to configuration VIIA had a destabilizing effect on the 
pitching-moment characteristics (figs. l5(c) and 16(c)) which w a s  due to 
the forward location of the horizontal tail on configuration VIIA. 
In 
became more 
An increase in 
cqL 
It will be noted, also, that modifying 
Aerodynamic Characteristics of Configuration VI11 
. 
With Wing Swept Back 25' 
Drag characteristics.- The untrimmed lift-drag ratio characteristics 
for configuration VI11 with the wing swept back Bo are shown in fig- 
ure 23. The variation of the untrimmed (L/D)- and lift coefficient 
for (L/D)- with Mach number are given in figure 24. There was a 
large reduction in the values of (L/D)- 
increased above the critical Mach number of about 0.82. 
as the Mach number was 
Longitudinal stability characteristics.- The variation with Mach 
number of the lift-curve slope and the pitching-moment-cue slope are 
presented in figures 25 and 26, respectively. 
C b  
moment-cunre slope % indicates the usual rearward movement of the 
aerodynaic-center location with increase in Mach number. 
It will be noted that 
increased abruptly above a Mach nuznber of 0.85 and that the pitching- 
L 
CONCLUDING REMARKS 
The aerodynamic characteristics of two variable-sweep airplane 
configurations capable of low-level supersonic attack have been investi- 
gated. The wind-tunnel results have indicated that the configurations 
c 
10 
4 . 
with maximum wing sweep had high Mach numbers f o r  the drag r i s e  and l o w  
values of the zero- l i f t  drag-rise-$a&&;istics. For the  configura- * 
t i o n  with 25O wing sweep, high values of maximum l i f t -drag  r a t i o  were 
indicated. 
Langley Research Center, 
National Aeronautics and Space Administration, 
Langley Field,  V a . ,  May 5 ,  1960. 
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(a) Three-quarter front view. L-60-1930 
(b) Three-quarter rear view. L-60-1~1 
Figure 7.- Configuration VI1 tested in Langley 8-foot transonic 
pressure tunnel. 
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(a) Three-quarter front view. L-60-1952 
?A 
(b) Three-quarter rear view. L-60-1953 
Figure 8.- Configuration V I I A  tested in Langley 8-foot transonic 
pressure tunnel. 
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Figure 10.- Configuration VI11 with wing swept back 25' tested in 
Langley 8-foot transonic pressure tunnel. c 
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Figure 11.- Variation of mass-flow ratio with angle of attack for con- 
figurations VI1 and VIII. 
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(c) Configuration VI11 with wing swept back 2 5 O .  
Figure 15.- Concluded. 
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Figure 14.- Variation of internal-drag coefficient with angle of 
attack for configurations VI1 and VIII. 
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(a) Angle of attack. 
Figure 15.- Aerodynamic characteristics of configuration V I I .  
it = oo. 
Lift coefficient, CL 
(b)  Drag coeff ic ient .  
Figure 15. - Continued. 
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(c) Pitching-moment coefficient. 
4 Figure 1-5. - Concluded. 
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(a) A n g l e  of attack. 
Figure 16. - Aerodynamic characteristics of configuration V I I A .  it = 0'.
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(b) Drag coefficient . 
Figure 16. - Continued. 
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(c) Pitching-moment coefficient . 
Figure 16.- Concluded. 
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(a) Angle of attack. 
Figure 17.- Aerodynamic characteristics of configuration V I I A  with 
reconnaissance pod. it = Oo. 
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(c) Pitching-moment coefficient. 
Figure 17. - Concluded. 
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Figure 18.- Aerodynamic characteristics of configuration VIII. 
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(b) Drag coefficient. 
Figure 18. - Continued. 
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(c) Pitching-momnt coeff ic ient .  
Figure 18.- Concluded. 
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Figure 19.- Comparisons of the drag r i s e  f o r  the various configurations 
z 
t es ted  with maximum wing sweep. 
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Lift coefficient, CL 
(b) Drag coefficient . 
Figure 22. - Continued. 
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(c) Pitching-moment coefficient . 
Figure 22.- Concluded. 
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Figure 23.- Variation of the l i f t -drag  r a t i o  wi th  l i f t  coeff ic ient  a t  
various Mach numbers f o r  configuration VI11 with wing swept back 25'. 
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Figure 24.- Variation with Mach number of t he  mxhm l i f t -d rag  r a t i o  
and l i f t  coeff ic ient  f o r  (L/D)max f o r  configuration V I 1 1  with wing 
swept back 25O. 
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